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PREFACE. 



The author intends this book for school and college labora- 
tories. He considers that it should be used in connection with 
a more comprehensive work or with lectures. 

The author begs leave to suggest the following course in 
using the book. Let the teacher perform a given number of 
experiments, say five of them. Then let the pupil go to his 
work-bench and perform the same experiments two or three 
times. At the next exercise, let the pupil be called upon to 
describe the experiments without the book, and if practicable 
let him perform them before the teacher. 

Brown Univebsity, October, 1876. 



EXPLANATION OF CERTAIN TERMS USED 
IN THIS BOO*K. 



Water-pan. Any pan holding water. A pan of earthen- ware about 
10 inches in diameter, and 3 inches deep. 

Lead saucer. This is best made from a 2-inch lead waste-pipe by 
first sawing off a one-inch length, and then soldering on it a 
lead plate for the bottom of the little cup. 

Bell-glass. A test-tube is used as a bell glass by filling it full of 
water, covering it with a slip of paper, immersing the open end 
in the water of the water-pan. 

Blow-pipe. A sm all, bent brass tube, having at one end a very small 
opening. The ordinary jewelers' blow-pipe answers. 

Blow-pipe-tube. A very small test-tube made by the experimenter 
out of Bohemian glass. Take a piece of Bohemian glass tube, 
quill size, 7 -inches in length. Heat it in the middle until the 
glass softens ; now gently draw the ends of the tube apart. 
Two blow- pipe-tubes are thus made. 

Fluid ounce. The bulk of one ounce of water. Fluid ounces are 

measured in graduates obtainable of druggists. 
Casserole. A porcelain dish with a handle. 

Lamp flame. The blue non-luminous flame of the Bunsen gas lamp. 
A simple form of the Bunsen burner is sold by all gas-fitters 
under the name of the atmospheric burner. 
An alcohol lamp will answer. 

Combustion-tube. A test-tube like a blow-pipe-tube only larger, say 
eight inches long by i-inch internal diameter. It should be 
made of Bohemian glass. ' 
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CHAPTER I 



THE NON-METALLIC MONADS. 

1 . Hydrogen is adopted as a monad. In other cases a 
monad is an element, that (atom for atom) can unite with or 
take the place of Hydrogen. 

2. The non-metallic monads are the following : 



Name. 


Symbol. 


Ordinary condition. 


Color. 


Atomic weight. 


Hydrogen, 


B, 


gas, 


no color, 


1. 


Fluorine, 


Fl, 






19. 


Chlorine, 
Bromine, 
Iodine, 


CI, 
Br, 

I, • 


gas, 

liquid, 

solid, 


green, 
orange red, 
black, 


35.5 
80. 
127. 






HYDROGEN. 







3. The principal natural form is in Water, H 8 0. 
Many artificial compounds contain it, thus all acids contain it. 
Chlorohydric acid, HC1 
Sulphuric acid, HgSO* 

* Nitric acid, HNO, 



2 THE NON- METALLIC MONADS.— HYDROGEN. 

4. Place a piece of Potassium upon dry filter paper ; whit- 
tle off the surface, and throw the chips away ; throw a small 
.piece of the clean metal upon water in a saucer. 

The reaction is, K 2 + 2H 2 = 2KOH + H 2 
The KOH (Potassic oxy-hydrate or simply Potassic hydrate) 
dissolves in the water ; the Hydrogen burns on the surface of 
the globule of metal which also burns, thus : 

burning of Hydrogen, H 2 + O = H 2 
burning of Potassium, K 2 + O = KjO 

5. Take a piece of Sodium ; whittle off the surface and 
throw the chips away ; throw a fragment on water in a saucer. 
The metal acts thus : 

Na 2 + 2H 2 = 2NaOH + H 2 

(NaOH is Sodic hydrate ; it dissolves in the water. The 
Hydrogen goes off but does not burn). 

6. Try Exp. 5 using hot water ; the hot water makes the 
reaction so violent that sufficient heat is afforded to set on fire 
both Hydrogen and Sodium. The latter burns with an orange 
flame ; 

burning of Hydrogen, Hj + O = H,0 
burning of Sodium, Na 2 + = Na 2 

7. Trim a piece of Sodium as if for Exp. 5. Take a 
saucer of cold water; float a piece of filter paper on the water; 
throw a fragment of Sodium upon the wet paper. The wet 
paper usually keeps the Sodium in one place, so that the heat 
of the reaction is retained there, and thus becomes sufficient to 
set on fire both Sodium and Hydrogen. 



HYDROGEN.— FL UORIim. 



8. . Fill a large test-tube full of water ; invert it in the 
water-pan. Trim a piece of Sodium; take it with tweezers; 
dexterously put it under the mouth of the test-tube. The So-~ 
dium will rise in the tube, evolving Hydrogen rapidly. When 
the reaction ceases, stop the tube with the thumb, hold it with 
its mouth up, and try the gas with a lighted match. 

9. Fill a small beaker one-fourth full of dilute Sulphuric 
acid, drop in a few strips of Zinc, cover the beaker with a paper 
having a half-inch hole in it ; hold a lighted match to the Hy- 
drogen gas escaping at the openings. 

Zn + H 2 S0 4 = H a + ZnS0 4 (Zinc Sulphate.) 
The Hydrogen unites with Oxygen of the air, and so gives 
rise to a slight explosion. 

H 2 + O = HgO (water vapor). 

Allow the liquid in the beaker to remain on the Zinc for 
some time. 

10. Evaporate slowly to dryness the liquid left from 9. 
The white crystalline residue is the Zinc sulphate (ZnS0 4 ). 

I l . Fill a saucer half full of dilute Sulphuric acid. Also 
fill a test-tube./WZ of the same, and invert it, while full, into the 
saucer. Under the mouth of the tube, slip a fragment of Zinc 
and a fragment of Platinum. Hydrogen collects in the test- 
tube. V 

■ -<\ 

FLUORINE, jfjL 

12. The inost common natural form of Fluorine is the 
mineral Fluor-spar. It is Calcic fluoride (CaFl 8 ). 



FL UOBINE.— CHLORINE. 



The element Fluorine is scarcely known; it corrodes glass 
very violently. 

^ Almost the only commercial form of Fluorine is Fluohydric 
acid, HF1. It is of itself a gas, but its solution in water is kept 
in gutta-percha bottles and is sold in that form. 

# 1 3. Powder some Fluor-spar, place it in a test-tube, add 
some concentrated Sulphuric acid. Fluohydric acid is liberated 
as a gas: 

CaFl 8 + H 2 S0 4 = 2HF1 + CaSO, (Calcic sulphate), 

but the Fluohydric acid immediately attacks the glass, cor- 
roding and roughening its surface. 

1 4. Coat a slip of glass with beeswax over a gentle flame. 
Scratch your initials through the beeswax to the glass. 

Powder some Fluor-spar, place it in a lead saucer ; add con- 
siderable Oil of vitriol (H 8 S0 4 ) place the glass slip on the sup- 
ports in the saucer, cover the saucer and let the whole stand 
for from one to twenty-four hours. 

Take out the glass, melt off as much wax as you can; remove 
the rest with Turpentine. The initials should be etched in the 
glass. 

CHLORINE, CI. 

15. In nature Chlorine is never found free; it oftenest 
« 

occurs in common salt (NaCl called Sodic chloride). The salt 
is found in«Bolid deposits and in the brine of the ocean and of 
mineral springs. 

In the arts, Chlorine is also known in Bleaching-powders, also 
called Chloride of lime. 



CHL0B1NE. 



1 6. Prepare Chlorine as follows : take a deep test-tube, 
place in it some powdered Manganese dioxide (Mn0 3 , also 
called Black oxide of manganese). Add some concentrated 
Chlorohydric acid and gently warm for only a few minutes. 
Now place a piece of white paper behind the tube and see if 
you cannot distinguish the greenish color of the gas. 

The Chlorine is formed thus : 

Mn0 2 + 4HC1 = 0^ + 2H 8 + MnCl 8 

(Manganous chloride). 

The gas is more than twice as heavy as air, and so remains 
in the tube for some time. 

17. Take two small beakers; into one put some dilute 
Sulphuric acid; into the other put some Bleaching-powder and 
water. Now pass a chocolate calico from one solution to the 
other several times and finally wash the cloth in a basin of water. 
The Sulphuric acid should liberate Chlorine from the Bleaching- 
powder, and the Chlorine should partly destroy the color. 

18. To a solution of Argentic nitrate (AgN0 8 ) add a few 
drops of dilute Chlorohydric acid. A white precipitate of Ar- 
gentic chloride appears. 

HC1 + AgNOs - AgCl + HNO s 

19. To a solution of Argentic nitrate add a dilute solu- 
tion of common salt (Sodic chloride, NaCl). A white precipi- 
tate of Argentic chloride appears. , 

NaCl + AgNO, = AgCl + NaN0 8 

(Sodic nitrate). 



CHLOBINti.—CHLOBOHYDBIC ACID. 



20. Filter the product of the preceding experiment and 
expose the white ppt. to the sunlight for twelve hours. The 
sunlight should decompose it and turn it violet, and finally 
black. 

Chlorohydric Acid, HC1. 

2 1 . Place a little common salt (NaCl) in a small retort ; 
to it add enough concentrated Sulphuric acid to make a paste; 
connect the neck of the retort with a clean test-tube and then 
gently heat the retort; Chlorohydric acid (HC1) will be formed 
and will distill from the retort and condense in the receiver. 

NaCl + HaSO* = HNaS0 4 + Ha 

22. Try the nature of the small amount of Chlorohydric 
acid formed, in three ways. 

(a.) Take a drop on a glass rod, and apply it to blue litmus 
paper. 

(6.) Touch a minute drop to the tongue and observe the 
sour taste. 

(c.) Touch a drop to a solution of Argentic^nitrate in a test- 
tube, and observe the white ppt. of Argentic chloride formed, 

BROMINE, Br. 

23. - In nature Bromine is rather rare. It is never found 
free. It occurs as a Bromide of certain metals, in sea-water 
and in saline springs. 

In the arts it is found both as Bromine and as Potassic bro- 
mide (KBr, also called Bromide of potassium). 



BROMINE— IODINE. 



24. In a deep test-tube place some Manganese di-oxide 
and .some Potassic bromide. Now add some Chlorohydric 
acid. Reddish fumes and the choking odor of Bromine should 
appear. 

2KBr + MnO, + 4HC1 = Br, + 2H,0 + 2KC1 + MnCl* 

$5. To a solution of Argentic nitrate add a few drops of 
solution of Potassic bromide. A yellowish white ppt. of Ar- 
gentic bromide should appear. 

KBr + AgNOs = AgBr + KNO, 

Filter and expose the ppt. to twelve hours of sunlight. It 
should blacken as Argentic chloride did. (Exp. 20). 

IODINE, I. 

26. In nature Iodine is rather rare. It is never found 
free. It occurs as an Iodide of certain metals, in sea-water 
and in saline springs. 

In the arts it is known both as Iodine and as Potassic iodide 
(KI, also called Iodide of potassium). 

27. In a deep test-tube, place some Manganese dioxide 
and some Potassic iodide. Now add some Chlorohydric acid. 
A violet vapor of Iodine should arise and should form in some 
part of the tube, a black deposit of solid Iodine. 

2KI + Mn0 8 + 4HC1 = I* + 2^0 + 2KC1 + MnCl* 

28. Heat some fragments of Iodine in a clean test-tube. 
Observe the violet vapors and the black sublimate or deposit. 



■8 IODINE. 



29. Take three clean beakers and place them upon a white 
surface. 

(a.) To the first add a little water. 
(6.) To the second add alcohol. 

(c.) To the third add a solution of Potassic iodide in water. 
To each, add a few fragments of solid Iodine, and observe 
the different rates of solution of the pieces. 
Save all three for the next Exp. 

30. Boil a single fragment of starch in a tube half full of 
water; fill up with cold water; divide this liquid into four parts 
.and to throe of them add respectively (a.) (b.) and (c.) of 
Exp. 29. 

Under proper conditions, starch is a very delicate test for 
free Iodine, but not for combined Iodine. 

Thus, dissolve a fragment of Potassic iodide in water and add 
it to the fourth portion of starch water. It should afford no 
•change of color. 

31. To a solution of Argentic nitrate, add a few drops of 
solution of Potassic iodide. A yellowish ppt. of Argentic 
iodide should appear. 

KI +AgN0 8 = Agl + KNO, 

Filter and exp6se the ppt. to twelve hours of sunlight It 
should blacken as the Argentic chloride and Argentic bromide 
did. (Exps. 20 and 25). , 



THE NON-METALLIC DYADS.— OXYGEN. 



CHAPTER II. 



THE NON-METALLIC DYADS. 
32. These are the following : 



Name. 


- Symbol. 


Ordinary condition. 


Color. 


Atomic weight. 


Oxygen, 





gas, 




none, 


16. 


Sulphur, 

Selenium, 

Tellurium, 


s, 

Se, 
Te, 


solid, 
solid, 
solid, 




yellow, 

black, 

white, 


32. 
79.4 
128. 






OXYGEN, 


0. 







33. Oxygen is the most abundant element in Nature. It 
makes up, by weight, one-half of our entire planet. It is also 
very widely distributed. 

It therefore may be said to be found in the majority of sub- 
stances known. 

34. Arrange a test-tube as a bell-glass of water, in the 
water-pan. Put an inch of Red oxide of mercury (Mercuric 
oxide, HgO) into an 8-inch combustion tube, fitted. Heat the 
Mercuric oxide carefully and conduct t^ie Oxygen gas evolved, 
into the little bell-glass. Try the gas in the bell, by a taper 
which has a spark on it ; the gas should relight the taper. 



10 OXYQEN.—SULPHUB. 

35. Arrange a test-tube bell in the water-pan. Fill an 
inch of a fitted 8-inch combustion-tube with a mixture of 

about one part of Manganese dioxide 
and three parts of Fotassic chlorate. 
Now heat the mixture, and collect the evolved gas in the 
little bell glass. Try the gas by a taper with a spark, as in 34. 
KC10 8 heated = KC1 + 8 

36. Heat on charcoal before the blow-pipe, vrith care, a 
fragment of Potassic nitrate (KNO s ). The Oxygen of the Ni- 
trate burns the coal vividly. 

37. Heat on charcoal, before the blow-pipe, with great care, 
a fragment of Potassic chlorate (KC10 S ). 

The oxygen is liberated from the chlorate and burns the 
<5oal vividly. 

SULPHUR, S. 

38. In nature Sulphur is found free, called Native Sulphur ; 
it is also found combined with metals as in Iron pyrites 
<FeS 2 ). 

In the arts it is found as Flowers of sulphur, and as Roll 
brimstone ; and in many compounds, for example, Sulphuric 
acid, H 8 S0 4 

39. Heat Iron pyrites (FeSg) in a blow-pipe tube. The 
mineral gives off a part of its Sulphur, which collects a little 
further up in the tube. 

40. Heat in a test-tube a fragment of Brimstone until it 
just fuses. Now pour it into cold water. The cooled Brim- 
stone is brittle. 



SULPHUR.— SULPHURIC ACID. 11 

4 1 . Heat another portion of Brimstone until it melts ; then 
until it grows thisk and dark, then heat further until it grows 
thin again; now pour it into cold water. This cooled product is 
Sulphur, but it is plastic and very different from the product 
of Exp. 40. 

42. Dissolve some Flowers of sulphur in a little Carbon 
di-sulphide (CS 2 ). Allow the solution to evaporate by itself 
over night. The Sulphur will be deposited in crystals from 
its solution. 

43. Put a few fragments of Boll brimstone in a pint flask. 
Heat them carefully until they take* Are. Now hang a carna- 
tion pink in the flask and see if the gas will bleach the pink. 

The gas is Sulphurous anhydride (SO s ). It is ufeed for bleach- 
ing straw and woolen goods. 

Sulphuric Acid, HsSO* 

44. Place in a beaker, 1 fluid oz. water ; 

now add -very carefully 1 fluid oz. cone. Sulphuric acid. Ob- 
serve the great heat afforded by the mixture. 

45. Pulverize a few blocks of litmus ; add some water to- 
it ; add one drop of Sodic hydrate solution — this gives a blue 
solution ; now add a drop of Sulphuric acid ; it should turn 
the cWor red*; now add just enough Sodic hydrate to turn the 
color back to blue ; finally add just enough Sulphuric acid to 
bring the red again. 



12 SULPHURIC ACID. 



46. Take 5 fluid ounces of water; 

Carefully add 1 fluid ounce Sulphuric acid. JStir and allow to 
stand over night. The concentrated acid contains some Plum- 
bic sulphate (PbS0 4 ) dissolved in it, but this precipitates from 
the diluted acid and is found as a white sediment at the bot- 
tom of the beaker. 

Save the clear liquid. 

47. In a beaker of the size of a teacup place four tea- 
spoonfuls of white sugar ; and add one fluid ounce of boiling 
water ; having placed the beaker in a dinner-plate, add very 
carefully, one ounce of concentrated Sulphuric acid. A black 
carbonaceous mass appears. 

The Sugar is composed of Carbon with Hydrogen and Oxy- 
gen. The Sulphuric acid withdraws the Hydrogen and Oxy- 
gen as water, and so leaves the Carbonaceous mass. 

48. Try the same experiment as 47, only use Starch instead 
of Sugar. Starch has the same chemical elements (C, H and O) 
that Sugar has. 

49. Get a quill pen; write, not with ink but with the acid 
of Exp. 46, some characters upon white paper. Dry the paper 
carefully over the lamp. The characters- will become black 
and charred. 

The Paper has the same chemical elements {C, H ajad O) 
that Starch and Sugar have. Here also, the Sulphuric acid, 
when it, by drying becomes strong enough, acts just as in 
Exps. 47 and 48. 



SELENIUM AND TELLURIUM. "' 13 

50. Grind some Indigo to a very fine powder; mix it with 
clean sand; add some concentrated Sulphuric acid; allow the 
whole to stand twenty-four hours; then pour into a half-pint 
of water. 

Filter and save the blue Solution. 

Sulphuretted Hydrogen, H 2 S. 

5 1 . Place in a long test-tube, a minute fragment of Ferrous 

sulphide (FeS); add a little dilute Sulphuric acid; observe the 

odor, 

FeS + E^SO, = H a S + FeS0 4 

(proceed immediately to Exp. 52). 

52. Cover the test-tube (Exp. 51) with a piece of filter-paper 
which has had a few drops of solution of Plumbic acetate 
poured upon it. A black coloration of Plumbic sulphide (PbS), 
should appear on the paper. 

SELENIUM, Se. 

and 
TELLURIUM, Te. 

53. These elements are so rare, that they need not be dis- 
cussed here. 



14 
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CHAPTER III. 



THE NON-METALLIC TRIADS. 
54. The non-metallic triads are the following : 



Name. 


Symbol. 


Ordinary condition. 


Color. 


Atomic weight. 


Boron, 
Nitrogen, 


B, 

N, 


solid, 
gas, 


brown 
none, 




11. 

14- 


Phosphorus, 

Arsenic, 

Antimony, 


P, 

As, 

Sb, 


solid, 
solid, 
solid, 


amber, 

steel, 

bluish-white, 


31. 

75. 

122. 



BORON, B. 

55. In nature and in the arts, Boron is scarcely known except 
in Boracic acid (H s B0 8 ) and in Borax (Na,BA + 10H 2 O). 

56. Dissolve some Borax in hot water; filter if necessary; 
add some Chlorohydric acid and allow the whole to cool. 
White crystals of Boracic acid should separate. The Chloro- 
hydric acid sets free the weaker Boracic acid. 

57. Place in a casserole a little Borax and add some Sul- 
phuric acid to liberate the Boracic acid; now add some alcohol; 
dip a glass rod into the mixture and, after stirring, hold it in 



BOBON.—NITBOGEN— AMMONIA-GAS. 15 

the flame of a lamp. The highly heated JBoracic acid imparts 
a delicate green color to the flame. 

NITROGEN, N. 

58. In nature, Nitrogen is found in great abundance in our 
atmosphere. It is also found in Saltpeter (KNO s , also called 
Potagsic nitrate). - 

In the arts, it exists in Nitrates and Nitric acid (HNO s ). 

The element Nitrogen is very inert, so that few experiments 
can be performed with it, but some of its compounds are very 
active. 

Ammonia-gas, NHs. 

59. Fill a test-tube half-full of Ammonic hydrate (NH 4 OH). 

Suspend in the upper part of the tube, a rod previously dipped 

in Chlorohydric acid. Fumes of Ammonic chloride (NH4CI) 

appear. 

NH 8 +HC1 = NH 4 C1. 

60. Fill a test-tube half-full of solution of Ammonic chlo- 
ride (NH4CI). Try with the rod and Chlorohydric acid. There 
should be no fumes. Now add solution of Sodic hydrate and 
try the rod again. Fumes should now appear, because Am- 
monia-gas, (NH S ) has been liberated, thus: 

NH 4 C1 + NaOH - NH S + H 8 + NaCl 

e I . Ammonic hydrate is an alkali. Pulverize a block of 
litmus; add a little water and a drop of dilute Sulphuric acid. 
The solution will be red; now by carefully adding Ammonic 
hydrate, the Sulphuric acid may be neutralized and the litmus 
changed to blue. 



16 AMM0NIA-QAS.-NITB1C ACID. • 

62. All Ammonia salts are volatile. Place a fragment of 
dry Ammonic chloride on Platinum foil; heat in the lamp and 
the Ammonic chloride will go off as vapor which finally 
solidifies as dense white smoke. 

Nitric Acid, HN0 8 . 

63. Warm a few fragments* of white quill in dilate Nitric 
acid; then wash the pieces in water. They will be found to 
have acquired a permanent yellow color. Many animal mat- 
ters are turned yellow by Nitric acid. 

64. Place in a test-tube a few strips of Copper wire; add 
Nitric acid, then warm until the Copper disappears. Cupric 
nitrate, Cu(N0 8 ) 2 will be formed. The action also produces a 
colorless gas, Nitrogen dioxide, N 2 2 , but this gas, upon coming 
in contact with the air, combines with Oxygen and forms 
brown fumes of Nitrogen tetroxide, N 2 4 , which are seen at the 
mouth of the tube. 

65. Try the same experiment as 64, only employ Zinc in 
place of Copper. Zinc nitrate, Zn(N0 8 ) 2 will be formed. 

66. Try the same experiment as 64, only employ Iron wire 
in place of Copper. A more complicated compound, Ferric 
nitrate is formed, Fe 2 (NO s ) 6 . 

67. Try .the same experiment as 64, only employ a fragment 
of Nickel coin. As the coin consists of Copper and Nickel or 
of Copper, Nickel and Zinc, there maybe formed Cupric nitrate, 
Cu(N0 8 ) 2 , Zinc nitrate, Zn(NO s ) 2 and Nickelous nitrate, 
Ni(N0 8 ) 2 . 
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68. Add concentrated Nitric acid to some shavings of metal- 
lic Lead. A part of the Lead dissolves, but in so doing it forms 
crystals of Plumbic nitrate, Pb(N0 8 ) a , which collect on the 
Lead, cover, it up and stop further action of the acid. Now 
add water and this will be found to dissolve the crystals and 
allow the action of the Nitric acid to continue. 

69. Prepare two beakers; into one, put some Nitric acid and 
a strip of Gold leaf ; into the other put some Chlorohydric 
acid and a strip of Gold leaf; warm each one separately, and 
the Gold will not dissolve in either case; mix the contents of 
the two beakers and the Golfl at once dissolves. 

The mixture of these two acids is called Aqua regia (royal 
water) because it dissolves the king of the metals r Gold. 

70. Place a drop of concentrated Nitric acid on a piece of 
dark blue flannel; if the goods are dyed with Indigo, the acid 
produces a bright yellow spot. 

7 1 . Dilute some Nitric acid with water to about one-tenth 
of its strength; into the dilute acid, drop a crystal of Ferrous 
sulphate, FeS0 4 and a little concentrated Sulphuric acid. The 
crystal becomes surrounded with a deep brown coloration, 
Ferrous nitro-sulphate, FeSO^NjO,. 

72. Place a little Potassic nitrate, KNO s in a small retort ; 

to it add enough concentrated Sulphuric acid to make a paste ; 

connect the neck of the retort with a clean test-tube and then 

gently heat the retort for some time. Nitric acid (HN0 8 ) will 

be formed and will distill from the retort and condense in the 

receiver. 

KN0 8 + HaSO* = HKSO< + HNO; 

After a sufficient amount of Nitric acid has collected, test it 

as in 73. 

2* 
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73. Divide the acid produced by Exp. 72 into three parts : 
(a.) To the first portion add a small fragment of copper 

wire ; the copper should freely dissolve, evolviBg brown fumes 
of N 2 4 and leaving a blue solution of Cupric nitrate. 

(6.) To the second portion, add water and then boil a por- 
tion of a quill in it. The quill turns yellow. (Sep Exp. 63). 

(c.) Dilute the third portion with water and then add some 
Sulphuric acid and a crystal of Ferrous sulphate. (See Exp. 
71). 

PHOSPHORUS, P. 

74. In nature, Phosphorus occurs principally in bones. 
These are composed mainly of Calcic phosphate, Ca s (P0 4 ) 8 . 

In the arts, the element Phosphorus and many Phosphates 
are employed. 

Phosphorus is very poisonous and very combustible. It 
should never be touched with the hands, since dangerous burns 
are often caused by it. 

75. Cut a piece of Phosphorus under water. Dry upon a 
filter a fragment smaller than a pea; place the fragment upon 
a piece of wood, metal, or porcelain. After setting it on fire, 
cover it with a large jar or bell glass. The white fumes are 
Phosphoric anhydride, P 2 6 . 

76. The Phosphoric anhydride of the last experiment is a 
white, snow-like substance which quickly absorbs moisture from 
the atmosphere. Throw a little of the white substance on 
water; it hisses and forms Phosphoric acid, H 3 P0 4 . 

3H s O + PA=2(H,P0 4 ). 
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ARSENIC, As. 

77. In nature, Arsenic occurs as a constituent of a great 
number of metallic ores. 

In the arts, it occurs in the form of Arsenious oxi^e (As 2 p 8 ) 
also called White-arsenic. 

78. Heat upon charcoal a fragment of As 8 O s no'bigger than 
a pin's head. It volatilizes, giving forth an odor of garlic. 

79. Heat in a blow-pipe-tube, a pin-head of White-arsenic. 
It volatilizes, and condenses in crystals of the same composition 
as before. 

90m Place a pin-head of Arsenious anhydride in a blow-pipe- 
tube; above it, place a minute fragment of charcoal ; heat 
near the charcoal and then near the White-arsenic. The Car- 
bon should take Oxygen from the Arsenious anhydride form- 
ing Carbonic anhydride gas which escapes, while uncombined 
Arsenic forms a black sublimate in the tube. 

8 1 . Dissolve a pin-head of White-arsenic in Chlorohydric 
acid; add water and then Sulphuretted-hydrogen-water. A 
yellow precipitate of Arsenious sulphide appears (AsgSs). 

2AsCl t + 3H,S = As 8 S 8 + 6HC1 

ANTIMONY, Sb. 

82. In nature. Antimony is found in many minerals, prin- 
cipally in Stibnite, SbjS,. 

In the arts, it is known as the element Antimony, called metal- 
lic Antimony. Tartar emetic is a JDouble tartrate of antimony 
and potassium. 
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83. Fuse on charcoal a small fragment (pin-head size) of 
Antimony. It fuses readily and, if it drops on the table, the 
molten fragments hop along, burning in the air, and leaving a 
email smoky ash of Antimonic oxide, Sb a 6 . 

34. Boil a a'few fragments of Antimony with a little Nitric 
acid. The acid does not dissolve the Antimony, though it 
changes it into an oxide (Antimonic oxide, Sb 2 6 ). 

85. Dissolve a little Tartar-emetic in water and a little Tar- 
taric acid. Add some Sulphuretted-hydrogen-water. An or- 
ange precipitate of Antimonious sulphide appears (Sb 8 S 8 ). 
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THE NON-METALLIC TETRADS. 

86. The non-metallic tetrads are the following : 



Name. 


<pk 


Ordinary condition. 


Color. Atomiyoeight. 


Carbon, 


c, 


solid, 




black, 


12. 


Silicon, 


Si, 


solid, 




black, 


28. 


Titanium, 


Ti, 


solid, 




dark green, 


50. 


Tin, 


Sn, 


solid, 




white, 


118. 






CARBON, 


C. 




' 



S7. In nature, Carbon exists (a) crystallized in the Diamond; 
(b) as Graphite, the black mineral called also Plumbago and 
Black-lead, and used in lead-pencils; (c) as Charcoal, which is 
formed by heating either animal or vegetable matters in such 
a way as to expel elements other than Carbon, and leave the 
latter. 

Pit coal (Anthracite or Bituminous) is far from pure carbon; 
lit contains many other elements. 

38. Heat in a test-tube a small fragment of starch; an im- 
pure carbon is left (Starch is C 6 H 10 O 6 ). 

B9. Fuse gently on platinum a small piece of Potassic 
nitrate. Carefully drop into the fused mass, a fragment of 
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charcoal. Heat carefully, if necessary. The deflagration is a 
true combustion of the coal, the KN0 8 furnishing the Oxygen. 

90. Filter an Indigo solution (Exp. 50) through paper. It 
passes through still blue.. * 

To the filtrate, add some animal charcoal and filter again. 
The chareoal has a wonderful decolorizing power. 

9 1 . Try Exp. 90, using Ink instead of Indigo solution. 

92. Boil a fragment of charcoal with Ghlorohydric acid; it 
will not dissolve. 

There is scarcely any substance known that will dissolve 
Carbon as an element and without changing it into some new 
compound. 

Compounds of Carbon with Hydrogen. 

93- These compounds are numbered by hundreds; 
of solids, Paraffine, 
of liquids, Turpentine, 
of gases, Illuminating gases are examples. 
Test each of these for Carbon, by burning them in or under 
a capsule so as to give a deposit of lamp-black. 

Compounds of Carbon, Hydrogen and Oxygen. 
94* These also are extremely numerous; Starch, Wood, 
Sugar and Alcohol are examples. 

Compound of Carbon and Oxygen, CO*. 
95. Pill a test-tube one-third full of Chlorohydrio acid ; 
drop into the acid a fragment of Sodio carbonate; the efferves- 
cence observed is due to the escape of Carbonic anhydride, a 

gas: 

Na,CO, + 2HC1 = 2NaCl + CO, + H,0 
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» ________________ 

96. 'Put a little Chlorohydric acid in the bottom of a wide 
mouthed candy jar or other jar; add some fragments of Mar- 
ble; allow the action to go on for some time. Immerse a 
lighted taper into the jar, and when it comes below the surface 
of the Oarbonic gas it will be suddenly extinguished. 

« 

97. Into a fitted bottle (i. e. one with a perforated cork 

and a glass tube inserted) put a good deal of Marble and some 
Chlorohydric acid. Conduct the gas so formed to the bottom 
of a pint jar. Now after placing a burning taper under a 
kerosene or argand chimney, pour the Carbonic gas already 
prepared, into the top of the chimney ; if the experiment is 
properly performed the candle will be extinguished by the 
falling gas. 

98. Prepare some fresh Lime-water by pulverizing a frag- 
ment of quick-lime (CaO or Calcic oxide) and then placing it 
in a pint bottle of water. Allow the mixture to stand over 
night or until the solid subsides and the liquid becomes quite 
clear. 

Generate a little Carbonic gas in a beaker and pour it into 
a test-tube half full of fresh Lime-water; on the surface of the 
Lime-water a white precipitate of Calcic carbonate (Ca C0 8 ) 
appears. k 

99. Take a beaker one-third full of clear and fresh Lime- 
water; by means of a glass tube, blow a few bubbles of breath 
into the Lime-water; the Carbonic gas exhaled from the lungs 
will soon make the clear water milky with Calcic carbonate. 

SILICON, Si. 

1 00. In nature, Silicon is the second element in order of 
abundance. One-fourth by weight, of our planet, is Silicon. 



# 
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But it is extremoly difficult to obtain the uncombined element, 
owing to its intense affinity for Oxygen, with which it is almost 
always united. Sand, quartz and rock-crystal are forms of 
Silicic oxide, Si0 2 . Most other rocks are Silicates. 

In the arts, glass and Silicate of soda are its best* known 
compounds. 

101. Sand is very infusible : heat some on a platinum foil ; 
it will not melt. 

1 02. Sand is very insoluble : boil some in a test-tube in 
Chlorohydric acid; it scarcely dissolves at all. 

1 03. Silicic acid is gelatinous or jelly-like: place in a tube 
some Soluble silicate of soda and add some Chlorohydric acid; 
a gelatinous precipitate is formed. 

TITANIUM, Ti. 

104. This substance is rare, and need not be described 
here. 

TIN, Sn. 

1 05. In nature, Tin occurs as an oxide, called Stannic ox- 
ide, Sn0 2 . 

In the arts, the uncombined element is called Block-tin. 
What is called sheet-tin is really sheet-iron with a thin coating 
of Tin. Stannous chloride, SnCl a (also called Tin-crystals) and 
Sodic stannate, Na 3 SriO s , are much used in dyeing. 

1 06. Boil some filings of Tin in Chlorohydric acid; they 
dissolve partly or wholly, forming SnClg. Test a little of the 
clear solution by adding Sulphuretted-hydrogen-water. 
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107. Boil some filings of Tin in Nitric acid; the acid does 
not dissolve them, though it changes them to a white insoluble 
oxide, SnOjj. 

108. • Dissolve some Stannous chloride in water and Chlo- 
rohydric acid; add some Sulphuretted-l^ydrogen-water; a dark 
brown precipitate of Stannous sulphide, SnS, appears. 

3 
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CHAPTER V 



THE METALLIC MONADS. 
1 09. The prinoipal metallic monads are the following : 



Name. 


Symbol, 


Ordinary conditio*. 


Color. 


Atomic weight. 


Silver, 


Ag, 


solid, 


white, 


108. 


Potassium, 


K, 


solid, 


white, 


39.. 


Sodium, 


Na, 


solid, 


white, 


23. 


Lithium, 


Li, 


solid, 


white, 


7. 



SILVER, Ag. 

110. In nature, Silver is found native or uncombined ; it 
also occurs in a state of combination with Sulphur and other 
elements. 

In the arte, Silver coins and Silver ware are employed. They 
are usually alloys of Silver and Copper. (The Copper gives 
hardness to the alloy.) Argentic nitrate, AgN0 8 (also called 
Nitrate of silver) is largely used by photographers and others. 

• III. Dissolve a fragment of a three-cent piece by boiling 
in dilute Nitric acid; divide the solution into two parts. 
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I 12. To the first part add some Chlorohydric acid. This 
precipitates the Silver as Argentic chloride, AgCl. Filter and 
to the nitrate, add Ammonio hydrate. This forms a deep blue 
compound with the Copper, and so shows the presence of the 
latter metal. 

113. In the second part of the solution (Exp. Ill) use a 
solution of common salt, in place of Chlorohydric acid, for 
precipitating the Silver ; continue the experiment as in Exp. 
112. Common salt answers the same purpose and is cheaper. 

114. Remove from the niters of Exp's 112 and 113 the 
Argentic chloride obtained ; place it on charcoal with some 
dry Sodic carbonate ; fuse the mixture with a blow-pipe until 
globules of pure Silver are obtained. 

POTASSIUM, K. 

115* In nature, Potassium exists in many minerals. The 
metal itself is very difficult of preparation because of its in- 
tense affinity for Oxygen; even when once prepared, it quickly 
absorbs Oxygen from air or even from water. The metal must 
be preserved under some oil that contains no Oxygen. 

In the arts, a familiar source of Potassium is wood-ashes. 
The compounds, Potassic carbonate, E,C0 8 ; Potassic Chlorate, 
KCIO,; Potassic nitrate, KN0 8 (also called Niter and Salt- 
peter) ; Potassic hydrate, EOH, (also called Caustic potash) : 
Potassic di-chromate, K 2 Cr 2 7 (also called Bi-chrome) are well 
known and largely used. 

I 16. Potassic Carbonate, (a.) Place a little of the dry 
salt in a watch-glass and allow it to stand twenty-four hours 
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exposed to the open air ; it has so strong an attraction for the 
moisture of the air, that it frequently entirely liquefies. 

(6.) Add a little Chlorohydric acid to a few fragments of 
Potassic carbonate in a test-tube, and observe the effervescence. 

I 1 7. Potassic Chlorate. Fuse a fragment of the dry salt 
on charcoal ; observe the rapid combustion of the coal, due to 
the Oxygen of the salt. 

Gently fuse a portion of the salt on clean porcelain; a reac- 
tion occurs, but it is hardly perceptible. 

I 18. Potassic nitrate, (a.) Try with this salt two ex- 
periments similar to Exp. 117. 

(h.) Wet a platinum wire loop ; dip it in powdered Potas- 
sic nitrate ; then fuse the salt in the Bunsen lamp-flame. Ob- 
serve the violefc Potassium color. 

1 1 9. Potassic di-chromate. Dissolve a fragment of the 
salt in water and add the solution to solution of Plumbic ace- 
tate. * A yellow precipitate of Plumbic chromate, PbCf 4 (also 
called Chrome yellow) appears. (See Exp. 130.) 

SODIUM, Na. 

1 20. In nature, Sodium exists in many minerals. The best 
example is Bock-salt, NaCl. 

In the arts, metallic Sodium and Sodic hydrate beside many 
salts, as for example Sodic carbonate, are very extensively used. 

121. Heat in the lamp-flame a platinum wire which has 
been dipped into some powdered Sodic chloride. Observe the 
yellow Sodium light ; meanwhile hold near the flame a small 
bright red object, -e. g., a clear crystal of KaCr,0 7 . Notice that 
the Sodium flame peculiarly degrades the color of the crystal 
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LITHIUM, Li. 

1 22. Lithium is rare both in nature and in the arts. 

1 23. Add a drop of Chlorohydric acid to a minute portion 
of Lithic carbonate in a watch-glass. Dip a platinum wire 
into the solution and then heat it in the lamp-flame. A mag- 
nificent crimson flame is characteristic of Lithium. 

3» 
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CHAPTER VI. 



THE METALLIC DYADS. 
1 24. The metallic dyads are the following : 



Nam*. 


Symbol, 


Ordinary condition. Color. 


Atomic weight. 


Lead, 


Pb, 


solid, 


bluish-white, 


207. 


Barium, 

Strontium, 

Calcium, 


Ba, 

Sr, 
Ca, 


solid, 
solid, 
solid, 


yellow, 
yellow, 
yellow, 


137. 
87.5 
40. 


Mercury, 
Copper, 


Hg, 

Cu, 


liquid, 
solid, 


white, 
red, 


200. 
63.4 


Magnesium, 
Zinc, 


* Mg, 
Zn, 


solid, 
solid, 


white, 
bluish-white, 


24. 
66. 


Also the following which are at different times dyads, tetrads, 
or hexads : 


Cobalt, 
Nickel, 


Co, 

Ni, 


solid, 
solid, 


white, 
white, 


58.8 
58.8 


Iron, 

Manganese, 
Chromium, 
Aluminum, 


Fe, 

Md, 

Cr, 

•Al, 


solid, 
solid, 
solid, 
solid, # 


white, 
white, 
gray, 
white, 


56. 

55. 

52.5 

Y = 27.5 
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LEAD, Pb. 



1 25. Lead occurs, in nature, as Galena (Plumbic sulphide, 
PbS) and also in many other ores. 

In the arts, one of its most important uses is for lead pipe ; 
another very important use is in the manufacture of white 
lead (a Hydrated carbonate of lead) which is the basis of nearly 
all paints. 

1 26. Dissolve some Plumbic nitrate in water and divide the 
solution so formed, into four parts, for the following four 
experiments. 

127. To solution of Plumbic nitrate, add Chlorohydrio 
acid ; a white crystalline precipitate of Plumbic chloride 
(PbCl 8 ) appears. Allow the precipitate a few moments to sub- 
side, then decant the clear liquid. To the precipitate, add 
some clean water and boil ; the precipitate dissolves wholly- or 
in part ; now allow the whole to cool, when the Plumbic chlo- 
ride that dissolved will re-appear as feathery crystals. 

1 28. To solution of Plumbic nitrate, add solution of 
Potassic iodide ; a yellow precipitate of Plumbic iodide (Pbl 2 ) 
appears. Allow the precipitate a few moments to subside, 
then decant the clear liquid. To the precipitate, add some 
clean water and boil : the precipitate dissolves wholly or in 
part ; now allow the whole to cool, when the Plumbic iodide 
will re-appear as golden crystalline spangles. 

I 29. To solution of Plumbic nitrate, add some Sulphu- 
retted hydrogen water : a black or brownish-black precipitate 
of Plumbic sulphide (PbS) appears. 
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1 30. To solution of Plumbic nitrate, add solution of 
Potassic di-chromate : a yellow precipitate of Plumbic chro- 
mate (PbCr0 4 ) appears. Allow the precipitate a few moments 
to subside, and then pour off the clear liquid. 

To the precipitate, add solution of Sodic hydrate until it 
•dissolves ; next add Acetic acid ; this will neutralize the Sodic 
hydrate which dissolved the chrome-yellow ; the latter will 
ithen re-appear. * 

131. Fill a beaker or bottle nearly full of a dilute solution 
of Plumbic acetate ; in the solution, suspend a strip of 
metallic Zinc. A portion of the Lead is precipitated from the 
solution, in the form of bright metallic flakes upon the Zinc. 

BARIUM, Ba. 

132. The most abundant natural form of Barium is the 
mineral Heavy-spar. It is Baric sulphate, BaSO*. 

In the arts, Baric chloride, BaCl 2 , and Baric nitrate, 
Ba (N0 8 )« are considerably used. 

1 33. Moisten a platinum wire loop ; dip it in powdered 
Baric chloride and then place it in the lamp-flame. Barium 
.salts impart a yellowish-green color to the flame. 

134. Add a drop of dilute sulphuric acid to a solution 
of Baric chloride. It gives a milk-white precipitate, which is 
•one of the least soluble substances known. Hence Sulphuric 
acid is used as a test for Barium compounds, and vice verm, Ba- 
rium compounds are used as a test for Sulphuric acid. 
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1 35. Pulverize separately with great care, 

Baric nitrate, 

Potassic chlorate, 

Gum shellac 
Then measure in a small dry test-tube, an equal quantity by 
measure, of each of the three substances. Now mix the pow- 
ders, gently and carefully, but thoroughly, on a piece of paper. 
Place the mixture in an iron pan, or on a wooden block, and 
light it. It affords green-fire. 

STRONTIUM, Sr. 

1 36. In nature, Strontium is not very abundant ; in the 
arts Strontic nitrate, Sr(NO s ), and Strontic chloride, SrCl*, are 
somewhat used. 

1 37. To a solution of Strontic nitrate, add some dilute 
Sulphuric acid; a white precipitate of Strontic sulphate appears. 

138. Moisten a platinum wire loop; dip it in powdered 
Strontic nitrate, and then place it in the lamp-flame. 

Strontium salts impart a deep-red color to the flame. 

1 39. Pulverize separately with great care, 

Strontic nitrate, 

Potassic chlorate, 

Gum shellac 
Then measure in a small dry test-tube, an equal quantity by 
measure, of the three substances. Now mix the powders gently 
and carefully, but thoroughly, on a piece of paper. Place the 
mixture in an iron pan, or on a wooden block, and light it It 
affords red-fire. 
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CALCIUM, Ca. 

1 40. Calcium is a very abundant and widely diffused sub- 
stance. 

.In nature it is the characteristic constituent of Shells, Mar- 
ble and Limestones ; of Gypsum, Bones and many other 
substances. 

In the wts, it is used in enormous quantities in such com- 
pounds as Lime, Bleaching-powder, etc. 

141. Dissolve a fragment of Marble in Chlorohydric acid ; 
Calcic chloride, CaCl,, will be formed. 

CaCO s + 2HC1 = CaCl 8 + CO, + H 2 0. 
Now evaporate the solution to dryness, and allow the dry 
* residue to remain, for twenty-four hours, exposed to the air. 
Calcic chloride has so strong an attraction for moisture that 
it soon absorbs water enough to liquefy itself. 

1 42. Add some water to the Calcic chloride afforded by 
Experiment 141. Now add Amnionic hydrate and Amnionic 
-carbonate solution. A white precipitate of Calcic carbonate, 
CaCO s , is formed. 

143. Mix some Plaster of Paris, (Calcic sulphate, CaS0 4 ) 
with water so as to make a stiff paste. Observe how quickly 
ihe paste now " sets " to a solid mass. 

144. Place a very small quantity of Plaster of Paris in a 
test-tube. Add cole? water and shake the tube so as to favor 
the solution of the Calcic sulphate. Filter and to the clear 
filtrate add its bulk of Alcohol ; a white precipitate will ap- 
pear. It is the Calcic sulphate which is slightly soluble in 
-water, but is much less so in presence of Alcohol. 
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I 45. Pulverize some fresh Quick-lime ; place a sufficient 
quantity of it into a casserole half full of warm water : the 
Lime unites with the water, forming Calcic hydrate and afford- 
ing great heat. 

CaO + H 8 = CaOjH* 

MERCURY, Hg. 

1 46. Mercury is found in nature both as Native mercury 
and as Cinnabar (Mercuric sulphide, HgS). 

In the arts, metallic Mercury is largely used, as is also Ver- 
milion, HgS. 

1 47. Dissolve completely a small globule of Mercury, by 
warming it for some time in dilute Nitric acid. Mercuric- 
nitrate is formed, Hg(N0 8 ) 8 . 

Divide the solution into two parts. 

To the first portion, add a little Chlorohydric acid ; no pre- 
cipitate should appear because Mercuric chloride, HgC] 8 , is 
soluble. 

To the second portion, add Chlorohydric acid, and then Am- 
nionic hydrate ; a white precipitate (NH 8 HgCl) appears. 

1 48. Dissolve only partially, a globule of Mercury, by 
warming it in Nitric acid. Mercurous nitrate is formed, 
Hg 2 (N0 8 ) 8 . 

Dilute the solution and then add a little Chlorohydric acid ;. 
a white precipitate of Mercurous chloride, Hg 8 Clg, should ap- 
pear. Filter, and to the white precipitate on the filter, add 
Amnionic hydrate ; a black precipitate should be formed. 

(NB*H & C1). 
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149. Dissolve a small quantity of Corrosive sublimate 
(Mercuric chloride, HgCJ 2 ) in hot water. Divide the solution 
into four parts for use in the following four experiments. 

I SO. To a solution of Corrosive sublimate, add a few strips 
of Copper wire, which have been previously cleaned by immer- 
sion first in Nitric acid and afterwards in water ; the wires 
soon become coated with a film of Mercury which if not 
already bright and silvery, may be made so by gentle rubbing 
with a cloth. 

Dry the wires with filter paper ; place them in a blow-pipe- 
tube ; heat them gently for a short time. The Mercury will 
volatilize from the Copper in vapors which condense in minute 
globules of liquid Mercury in the upper part of the tube. 

151. Try the same experiment as 150, only employ Zinc in 
place of Copper and observe that the coating of Mercury ren- 
ders the Zinc very brittle. 

1 52. To a solution of Corrosive sublimate, add carefully, a 
solution of Potassic iodide. Mercuric iodide (Hgl 2 ) is formed. 
It goes through a series of delicate changes of color, from 
salmon to scarlet. Strangely* enough, the precipitate is solu- 
ble yi an excess either of Mercuric chloride or of Potassic 
iodide. 

1 53. To a solution of Corrosive sublimate, add some Sul- 
•phuretted-hydrogen- water. Precipitates varying from yellow 

to black may occur. They all contain more or less Mercuric 
sulphide, HgS. 



COPPJBB. 37 



COPPER, Cu. 

1 54. Copper occurs in nature in a great number of forms. 
Copper pyrites, a double sulphide of Copper and Iron is the 
most important. 

In the arts, next to the metal itself, the most importan 
form is Cupric sulphate, CuS0 4 also called Blue vitriol. 

1 55. Hold in one hand a small Copper wire, and in the 
other hand a small Platinum wire ; now simultaneously hold 
in a lamp-flame the disengaged ends of the wire and observe 
the difference in the conducting powers of the metals. 

1 56. Try to fuse a small fragment of Copper wire upon a 
charcoal support. The metal is very difficult of fusion. 

1 57. Add some concentrated Sulphuric acid to some strips 
of Copper wire. Now heat with great care. The Copper dis- 
solves slowly, evolving the choking fumes of Sulphurous anhy- 
dride gas, SO*. 

Cu + 2H 2 S0 4 = CuS0 4 + 2H 2 + S0 2 

1 58. Heat a few fragments of Copper pyrites in a blow- 
pipe-tube and observe the Sulphur afforded. 

1 59. Grind a few fragments of Copper pyrites to a very 
fine powder. Place the powder in a test-tube and after add- 
ing a little Aqua regia, boil for a few minutes. Next pour both 
liquid and sediment into a casserole and evaporate to dryness. 

Allow the residue to cool, then add water and a little Chlo-' 
rohydric acid. Warm the solution and 'filter. 

4 
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To the clear filtrate add an excess of Ammonic hydrate. 
This should precipitate the Iron and some other elements, but 
should dissolve the Copper. 

Filter and if the filtrate has a decided blue color it may be 
considered as one test for the presence of Copper in the 
original ore. 

160. Dissolve a fragment of Cupric sulphate in water; 
filter, and to the filtrate add Ammonic hydrate. If sufficient 
is added, a clear and deep blue solution is obtained. 

161. To a solution of Cupric sulphate add a few drops of 
solution of Potassic ferro-cyanide, K 4 FeCy 6 . A rich brown 
precipitate of Cupric ferro-cyanide appears. 

162. To a solution of Cupric sulphate, add a few drops of 
Chlorohydric acid. 

Now clean an iron nail or piece of iron wire by rubbing it 
with a cloth dipped in Chlorohydric acid. Immerse the 
cleaned iron in the Copper solution and allow the whole to 
stand until a considerable deposit of metallic Copper appears 
on the Iron. 

1 63. To a very dilute solution of Cupric sulphate add Sul- 
phuretted-hydrogen-water. A black precipitate of Cupric 
sulphide, CuS, appears. 

MAGNESIUM, M?. 

164. In nature Magnesium is very abundant. Soapstones 
and many Limestones (Dolomites) contain it. 

In the arts, metallic Magnesium, Magnesic sulphate (Epsom 
salts, MgSO*), and calcined Magnesia (MgO) are well known 
forms. 
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1 65. Hold a fragment of Magnesium wire in a pair of 
tweezers and then light the Magnesium in the lamp-flame. A 
white ash of Magnesic oxide, MgO, is produced. 

1 66. Dissolve one fragment of Magnesium wire in dilute 
Chlorohydric acid; another in dilute Nitric acid; another in 
dilute Sulphuric acid. 

1 67. Dissolve some Magnesic sulphate in water and divide 
the solution into two parts. 

To the first part, add Sodic carbonate; a white precipitate 
appears. 

1 68. To the second part, add first Amnionic chloride solu- 
tion in considerable quantity and then Sodic carbonate; the 
Amnionic chloride prevents the formation of a precipitate. 

ZINC, Zn. 

1 69. In nature many different ores of Zinc are known. 
Zinc carbonate, ZnC0 3 (Smithsonite) is an example. 

In the arts metallic Zinc is common ; the name galvanized" 
iron is applied to Iron which has received a thin coating of 
metallic Zinc. 

I JO. Heat a fragment of Zinc before the blow-pipe on 
charcoal. The metal actually burns, forming Zinc oxide, ZnO. 

171. Dissolve one fragment of Zinc in dilute Chlorohy- 
dric acid ; another in dilute Nitric acid ; and a third in dilute 
Sulphuric acid. 

I 72. Dissolve a small quantity of Zinc sulphate in water ; 
add some solution of Sodic hydrate ; a white precipitate of 
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Zinc hydrate appears. Now add a considerable excess of Sodic 
hydrate and the " Zinc hydrate dissolves. Reserve this 
solution for Exp. 173. 

I 73. To the alkaline solution produced by Exp. 172, add 
Sulphuretted -hydrogen- water. A white precipitate of Zinc 
sulphide, ZnS, should appear. 

COBALT, Co. 

1 74. In nature Cobalt is of somewhat rare occurrence ; 
even in the arts it has but few uses. Its principal use is in col- 
oring glass blue. 

1 75. To a solution of Cobaltous nitrate add first Amnionic 
hydrate and then Sulphuretted-hydrogen- water. A black pre- 
cipitate, Cobaltous sulphide, CoS, is formed. 

Filter, and reserve the precipitate for the next experiment. 

1 76. Make a loop in a platinum wire ; dip the loop into 
powdered Borax and then hold it in the lamp-flame. The 
Borax will lose its water of crystallization with frothing (see 
55). By heating sufficiently, a clear and colorless bead of 
Borax-glass is prepared. 

I 77, Dip the bead into the black precipitate obtained by 
Exp. 175. Then fuse again in the lamp-flame. The bead should 
become dark blue. 

NICKEL, Ni. 

1 78. Nickel occurs in nature in small quantities, but in a 
number of ores. 

Its uses in coinage and in Nickel-plating have recently made 
it familiar. 
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1 79. Try a fragment of metallic Nickel with a magnet ; it 
is attracted strongly. 

1 80. Nickel-plating salt is Double sulphate of Nickel and 
Ammonia, NiS0 4 + (NH 4 ) 8 S0 4 + 6HgO. Dissolve a crystal in 
water, then add Amnionic hydrate and Sulphuretted-hydrogen- 
water. A black precipitate., Nickelous sulphide, NiS, is formed. 

Reserve the precipitate for Exp. 181. 

181. Fuse some of the black precipitate obtained by Exp. 
180 into a fresh Borax bead. 

Compounds of Nickel make the bead violet while hot and 
brown when cold. 

1 82. To a solution of the Nickel-plating salt add solution 
of Sodic hydrate. A characteristic apple-green precipitate of 
Nickelous hydrate appears, (Ni0 8 H*). Allow it to stand at 
rest for some time 1 . 

IRON, Fe. 

1 83. It is not probable that there exists terrestrial native 
Iron. But meteorites generally contain metallic Iron. 

Many valuable oxides and other compounds of Iron are 
found in the earth as ores; Iron pyrites (FeSg) although abun- 
dant and widely diffused, is an ore that cannot be economically 
used for the manufacture of Iron. 

In the arts, Wrought-iron, Steel and Cast-iron are of immense 
importance. Ferrous sulphate, FeS0 4 (also called Green vit- 
riol and Copperas) is largely used. 

1 84. Prepare three test-tubes ; in them boil portions of 
wrought-iron (carpet-tacks) in Chlorohydric acid, in Nitric acid 
and in Sulphuric acid respectively. Observe the differences in 
the action of the solvents. 

4* 
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1 85. Try an experiment like 184, only use cast-iron turnings 
in place of wrought-iron. 

1 86. Try to fuse fragments of wrought-iron and cast-iron 
respectively on charcoal. 

187. (a.) Prepare a Ferrous solution by dissolving some 
clean crystals of Ferrous sulphate in water without heating. 

(6.) Prepare a Ferric solution by dissolving Ferrous sul- 
phate in hot water and then adding Nitric acid and finally 
boiling the whole. 

1 88. (a.) Add Amnionic hydrate to a portion of Ferrous 
solution. Ferrous hydrate is produced. 

(6.) Add the same to a portion of Ferric solution. Ferric 
hydrate is produced. 

1 89. (a.) Add solution of Potassic Ferrocjanide, K 4 FeCy to 
to a portion of Ferrous solution. A white precipitate is pro- 
duced. 

(6.) Add the same to a portion of Ferric solution. Prus- 
sian blue (Ferric ferrocyanide), is produced. 

190. (a.) Add solution of Potassic ferricyanide, K 8 FeCy 6 , 
to a portion of Ferrous solution. A deep blue precipitate 
called TurnbulPs blue is produced. 

(6.) Add the same to a portion of Ferric solution; a reddish 
brown coloration, but no precipitate, is produced. 

191. (a.) Add solution of Potassic sulphocyanate (KSCy) 
to a portion of Ferrous solution. No change of color is pro- 
duced. 

(6.) Add the same to a portion of Feme solution. A blood- 
red coloration, but no precipitate, is produced. 
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1 92. Fuse into a a borax bead a minute fragment of Fer- 
rous sulphate ; colors varying from yellow or bottle-green to 
dark-red are produced, according to the conditions of the 
•experiment. 

MANGANESE, Mn. 

1 93. Perhaps the most common and most useful natural 
form of Manganese is Pyrolusite (Manganese di-oxide, Mn0 8 ). 

In the arts it is used in the forms of Manganous sulphate; 
MnS0 4 , and Potassic per-manganate,- K 2 Mn 8 8 . 

1 94. To a solution of Manganous sulphate add Ammonic 
hydrate and then Sulphuretted-hydrogen-water ; a flesh-colored 
precipitate of Manganous sulphide is formed (MnS). Filter, 
and save the precipitate for Exp. 195. 

1 95. Fuse the precipitate from Exp. 194 on a platinum foil 
with a mixture of dry Potassic nitrate and Potassic carbonate; 
& green salt, Potassic manganate is formed. (Proceed immedi- 
ately to Exp. 196). 

1 96. Place in a test-tubeiialf-full of water, the product of 
Exp. 195, both platinum and the materials that are upon it. 
"Warm the whole gently for a few moments and then allow it to 
stand in quiet until the insoluble part subsides; the solution 
should have a reddish or purple color owing to the formation 
of a small quantity of Potassic per-manganate. . 

1 97. Dissolve some crystals of Potassic per-manganate in 
water. To this solution add a solution of Ferrous sulphate and 
some Sulphuric acid. 

The Potassic per-manganate is a powerful oxidizing agent ; 
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it oxidizes Ferrous sulphate to Ferric sulphate, itself be- 
coming de-oxidized to Manganous sulphate, and the entire so- 
lution thereby becoming nearly or qaite colorless. 

1 98. Make a clear and colorless Borax bead on platinum 
wire ; into this bead fuse some Manganese di-oxide ; the bead 
ishould acquire a violet or purple color. 

CHROMIUM, Cr. 

1 99. In nature, the most important form of Chromium is 
•Chrome-iron-ore (Ferroso-chromic oxide, FeCr,0 4 .) 

In the arts, Potassic di-chromate K,Cr 8 7 is its most impor- 
tant form. 

200. Make a clear and colorless Borax bead on a platinum 
wire; into it, fuse a minute crystal of Potassic di-chromate ; an 
•emerald green color is produced. 

20 1 . Make a concentrated solution of Potassic di-chromate 
*by boiling some of the powdered salt in a small quantity of 
water ; filter while hot ; to the filtrate add carefully about its 
bulk of concentrated Sulphuric acid. Allow the solution to 
•cool, when dark red crystals of Chromic acid should appear. 

202. Make a solution of a small quantity of Potassic di- 
-chromate ; to it add a small quantity of Sulphuric acid ; now 
add Alcohol, drop by drop, with great care. 

The red color, due to Chromic acid (see Exp. 201) quickly 
changes to a beautiful green. This change is due to the re- 
ducing action of the Alcohol. The green substance is Chromic 
sulphate, Cr 8 (S0 4 ) 3 

(Proceed to use this product for Exp. 203.) 
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203. Evaporate carefully to dryness the solution formed 
by Exp. 202. Dissolve the residue in water. To the clear 
solution add Amnionic hydrate. A dull-green precipitate of 
Chromic hydrate Cr a 6 H 6 appears. 

Cr 2 (S0 4 ) 3 + 6NH 4 OH = Cr 2 6 H 6 + 3(NH,) 8 S0 4 

204. Make a solution of Potassio di-chromate in water. 
Into the solution dip a clean filter-paper. 'Carefully dry the 
filter-paper over the lamp. When quite dry apply a burning 
match to the edge of the paper. It barns steadily without 
fame and leaves a green tea-like ash. 

The combustion is assisted by the Oxygen of the Potassic di- 
chromate, but it is retarded by the other constituents of the 
compound. The green color of the ash is due to the forma- 
tion of some compound of Chromium. . 

ALUMINUM, Al. 

205. Compounds of Aluminum are among the three or four 
most abundant mineral materials in nature. Clay, a Silicate 
of Aluminum, is an example. 

Alum, (Double sulphate of Aluminum and ammonium, 
AlaCSO^s + (NH*) 2 S0 4 + 24H,0) is very largely used in dyeing. 
The metal Aluminum, is slightly used. 

206. Boil a fragment of Aluminum in a solution of Sodio 
^hydrate ; it dissolves, evolving Hydrogen gas and producing 
Sodic aluminate, Na 2 Al 9 4 . 

207. There are many kinds of Alum. Dissolve a fragment 
of ordinary Alum in water. Now test the solution for Ammo- 
nia-gas, as described in Exp. 60. The Ammonia-gas will prob. 
ably be discovered, as Ammonia-alum is that generally used 
at present. 
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208. Dissolve a small crystal of Alum in water ; add a few 
drops of solution of Sodic hydrate and boil ; a nakey precip- 
itate of Aluminic hydrate, Al 2 8 He appears. Now add consid- 
erably more Sodic hydrate and boil again ; the precipitate is 
8 oluble in a considerable excess of the Alkali. 

209. Pulverize some Alum. Dissolve a considerable 
quantity of it by boiling it in a small quantity of water. Filter 
and allow the filtrate to stand at rest for twenty-four hours. 
The alum should form crystals upon cooling. 
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CHAPTER VII. 



THE METALLIC TRIADS. 
2 1 0. The principal metallic triads are the following : 



Name.. 


Symbol. 


■ 

Ordinary condition. Color. Atomic weight* 


Bismuth, 


Bi, 


solid,* reddish-white, 208. 


Gold, 


Au, 


solid, yellow, 196. 



BISMUTH, Bi. 

211. Bismuth and its compounds are comparatively rare 
in nature and in the arts. 

212. Pulverize a fragment of metallic Bismuth ; observe 
that it is brittle. Dissolve the powder by warming it in dilute 
Nitric acid. Eyaporate the solution to a few drops and then 
pour it into a beaker nearly full of cold water ; a white pre- 
cipitate appears (Bismuthyl nitrate; [BiOJN0 8 ). 

213. Dissolve Bismuthous oxide, Bi 2 3 , in Chlorohydric 
acid ; then pour the solution into a beaker half-full of cold 
water ; a white precipitate of Bismuthyl chloride, [BiO]Cl ap- 
pears. Add now Sulphurretted hydrogen water when a black 
precipitate of Bismuthous sulphide, Bi,O s , is formed. Filter 
and reserve the precipitate. 
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214. Remove from the filter the precipitate obtained by 
Exp. 213, and then fuse it on charcoal with Potassic carbonate. 
A metallic globule of Bismuth should be obtained. Plage it 
in a mortar and ascertain whether it is brittle or not. 

GOLD, Au. 

215. In nature, Gold is generally found in the metallic or 
uncombined state. Although it is very widely distributed, it 
is nowhere abundant. 

In the arts, although employed for numberless purposes, it is 
generally used in the metallic state. 

216. Dissolve some Gold-leaf as described in Exp. 69. 
Also prepare a test-liquid by adding a solution Stannous 
chloride to a solution of Ferric chloride. Now add a few 
drops of the Gold solution to this test-liquid. A precipitate 
called Purple of Gassius appears ; it varies in color, being 
brown, blue, purple or black, according to the conditions under 
which is produced. 
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CHAPTER VIII. 



THE METALLIC TETRADS. 
217- The metallic Tetrad is the following : 



Name. 


Symbol. 

Pt, 


Ordinary condition. 


Color. 


Atomic weight. 


Platinum, 


solid, 


white, 


198. 



PLATINUM, Pt. 

218. In nature, Platinum occurs in the metallic state, but 
it is usually found alloyed with certain other metals. 

In the arts it has many valuable applications. In most cases 
it is used in the form of metallic Platinum. * 

2 1 9. Heat a piece of tolerably clean Platinum foil in a 
Bunsen lamp-flame. Now stop the gas and soon let it flow 
anew against the Platinum. The metal soon becomes red-hot 
and often relights the gas. 

220. Dissolve a small fragment of Platinum in Aqua regia. 
Evaporate the solution nearly to dryness. Ifclute the last pro- 
duct slightly with water. Next add a solution of Amnionic 
chloride. A yellow crystalline precipitate of Ammonio-platinic 
chloride appears, (NH^PtGe. 
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LIST OF APPARATUS AND CHEMICALS NEEDED FOR 
THE EXPERIMENTS DESCRIBED IN THIS BOOK. 



Supplies for Experiments i to 1 1, 
inclusive. 

•Chlorobvdric acid, (Muriatic acid), 
Sulphuric acid, (0*7 of Vitriol), 
Nitric acid, (Aquafortis), 
Metallic Potassium, 

" Sodium, 

" Zinc. 

Beakers, 
•Casserole, 
. Saucer, 
Filter-paper, 
WatcY-pan, 
Test-tubes, 
Platinum foil, 

Additional supplies for Exp's 
12 to 22, inclusive. 

THuobydric acid, 

ITluor spar, 

Beeswax, 

Turpentine, 

Common salt, 

Bleaching powder,* 

Black oxide of Manganese, 

Argentic nitrate (Nitrate of Silver). 

Lead saucer, 
Slip of glass, 
•Chocolate calico, 
Small retort, 
Glass rod, 
Xiitmus paper. 



Additional supplies for Exp's 
23 to 31, inclusive. 

Iodine, 
Bromine, 
Potassic iodide, 

th bromide, 
Alcohol, 
Starch. 

Additional supplies for Exp's 
32 to 43, inclusive. 

Red oxide of Mercury, 
Potassic chlorate, 

u nitrate, 
Roll brimstone, 
Iron pyrites, 
Carbon di-sulphide, 
Fitted 8-inch combustion tube, 
Charcoal, 
Wax taper, 
Blow-pipe, 

Blow-pipe-tube (glass), 
Pint flask, 
Carnation-pink. 



Additional supplies for Exp's 
44 to 53, inclusive. 

Litmus blocks, 

Sodic hydrate solution, (caustic 

soda), 
White sugar, 
Indigo, 
Ferrous sulphide, 
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Plumbic acetate, (Sugar of Lead) , 
Wedgwood mortar, 
Dinner-plate, 
Quill pen. 

Additional supplies for Exp's 
54, to 62, inclusive. 

Boracic acid, 

Borax, 

Amnionic hydrate, (Ammonia), 

Ammonicctiloride,(AaZ-ammoniac). 

Additional supplies for Exp's 
63 to 73, inclusive. 

Copper wire, 

Piano-forte iron wire, 

Nickel coin, 

Sheet lead, 

Gold leaf, 

Ferrous sulphate. 

Bit of dark blue flannel. 



Additional supplies for Exp's 

74 to 85, inclusive. 
Bone, 

Phosphorus, 
White arsenic, 

Sulphuretted-hydrogen water, 
Stibnite, (Sulphide of Antimony), 
Metallic Antimony, 
Tartar emetic, 
Tartaric acid. 

Additional supplies for Exp's 
86 to 99, inclusive. 
Graphite or Plumbago, 
Coal, (anthracite and bitumin- 
ous), 
Animal charcoal, 
Ink, 

Paraffine, 
Sodic carbonate, 
Marble, 
Quick-lime, 
Filter funnel, 
Candy jar, 
Kerosene chimney, 
Fitted bottle or flask. 



Additional supplies for Exp's 
zoo to zo8, inclusive. 

Quartz, 

Silicate of Soda, (Soluble glass). 

Tin, (block tin), 

Stannous chloride, (Tin-crystals). 

Stannate of Soda. 



Additional supplies for Exp's 
109 to 123, inclusive. 

Silver coin, • 

Potassic carbonate, (Sal tartar) 

" chlorate, 
9 4t • hydrate, (Caustic potashY 

" dtchromate, (Bi-chrome), 
Lithic carbonate, 



Additional supplies for Exp's 
124 to 135, inclusive. 

Galena, 
White lead, 

Plumbic nitrate, (Nitrate of Lead), 
Heavy spar. 

Baric ch loride, (Muriate of Baryta) , 
" nitrate, (Nitrate of Barjtes), 
Gum shellac. 



Additional supplies for Exp's 
136 to 146, inclusive. 

Strontic chloride, (Muriate of 

Strontia), 
Strontic nitrate, (Nitrate of Stron- 
• tia), 

Amnionic carbonate, 
Plaster of Paris. 



Additional supplies for Exp's 
146 to 153, inclusive. 

Mercury, 
Cinnabar, 

Mercuric chloride, (Corrosive sub- 
limate). 
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Additional supplies for Exp's 
154 to 163, inclusive. 

Copper pyrites, . 
Cupric sulphate, {Blue vitriol), 
Potassic ferrocyanide, ( yellow 
prussiate of Potash). 



Additional supplies for Exp's 
164 to 173, inclusive. 

Soapstone, 

Dolomite, 

Magnesium Wire, 

Magnesia sulphate, (Epsom salts), 

Calcined magnesia, ' f 

Smithsonite. 



Additional supplies for Exp's 
174 to 182, inclusive. 

Cobaltous nitrate, 
Nickel plating salt, (Double Sul- 
phate of Nickel and Ammonia) , 
Platinum wire. 



Additional supplies for Exp's 
183 to 192, inclusive. 

Copper pyrites, 

Wrought iron, (Carpet-tacks). 

Cast iron turnings, 

Potassic ferricyanide, (Bed prus- 

siate of Potash), 
Potassic sulpho-cyanate, (Sulpho- 

cyanide). 

Additional supplies for Exp's 
193 to 204, inclusive. 

Manganous sulphate, 
Potassic per-manganate, 
Chrome iron ore. 

Additional supplies for Exp's 
205 to 220, inclusive. 

Clay, 

Alum, 

Aluminum, 

Bismuth, 

Bismuthous oxide, 

Ferric chloride solution, 

Platinum scraps. 
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Acid, Boracic, 14. 

Chlorohydric, 6. 

Fluobydric. 4. 

Nitric. 16, 17. 

Sulphuric, 11. 

Alum. 45, 46. 
Aluminum, 30, 45. 
Alcohol, 22. 
Ammonia-gas, 15. 
Amnionic chloride, 15, 16. 
Antimony, 14, 19. 
Aqua regia, 17. 
Argentic chloride, 5, 27. 
nitrate, 26. 

Barium, 30, 32. 
Bi-chrome, 27. 
Bismuth, 47. 
Black-lead, 21. 
Bleaching-powder, 4, 5. 
Blue vitriol, 37. 
Borax, 14. 
Boron, 14. 
Brimstone, 10, 11. 
Bromine, 1, 6. 

Calcium, 30, 34. 

Carbon, 21. 

Carbonic anhydride, 22, 23. 

Charcoal, 21, 

Chlorine, 1, 4. 

Chrome iron ore, 44. 

Chromic acid, 44. 

Chromium, 30, 44. 

Cinnabar, 35. 

Clay, 45. 

Co&l, 21. 

Cobalt, 30, 40. 

Copper, 16, 30, 37. 

Copperas, 41. 

Copper pyrites, 37. 

Corrosive sublimate, 36. 



Dolomite, 38. 
Dyads, metallic, 30. 
non-metallic, 9. 

Epsom salts, 38. 

Ferrous sulphate, 17. 
sulphide, 13. 



Galena. 31. 
Galvanized iron, 39. 
Gold, 47, 48. 
Graphite, 21. 
Green vitriol, 41. 

Heavy spar, ,32. 

Hydrogen, 1. 

preparation of, 2,3 



Indigo, 13, 22. 
Ink, 22. 
Iodine, 1, 7. 
Iron, 30, 41. 
pyrites, 10. 



Lead, 30, 31. 
Lime, 34. 
Limestones, 34. 
Lime-water, 23. 
Lithium, 26, 29. 
Litmus, 11, 15. 

Magnesia, 38. 
Magnesium, 30, 38. 
Manganese, 30. 

di-oxide, 5, 43. 

Marble, 23. 34. 
Merc/iry, 30, 35. 
Mercuric oxide. 9. 
iodide, 36. 



Meteorites, 41. 
Monads, metallic, 26. 
non-metallic, 1. 
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Nickel, 30, 40. 


• 


Salt, common, 4, 28. 






Saltpeter, 15, 27. 
Sand. 24. 


Niter, 27. 




Nitrogen, 14, 15. 




Selenium 9, 13. 
Silicon, 21, 23. 


Oxygen, 9. 




Silver, 26. 
Smithsonite, 39. 


Paraffine, 22. 




Sodic, carbonate, 22. 


Phosphoric anhydride, 
Phosphorus, 14, 18. 


18. 




Sodium, 26, 28. 


Piaster of Paris, 34. 




Starch, 8, 12, 21, 22. 


Platinum, 3. 49. 




Stibnite, 19. 


.Plumbago, 21. 




Strontium, 30, 33. 


Plumbic acetate, 32, 




Sugar, 12. 22. 


chloride, 31. 




Sulphur, 9, 10. 


iodide, 31. 




Sulphuretted hydrogen, 13, 


nitrate, 31. 




v 


Potassic bromide, 6. 




Tartar emetic, 19. 


carbonate. 27. 




Tellurium, 9, 13. 


chlorate, 10, 27, 


28. 


Tetrads, metallic, 49. 


#11 ..UiiAmnnfn 07 


, 28, 44. 


rtsx.t mnt-nllS/t At 


kirftiinfn 0*7 


Tin, 21, 24. 
Titanium, 21, 24. 


iodide, 7, 31. 




nitratr 10 17 01 °" OQ 


Triads, metallic, 47. 

nnn mpffillir* "\4 


per-mauganate, 

Potassium, 2 >, 27. 


43. 


TurnbuH'8 blue, 42. 


n<\mn/\iiorln C\T 


28. 


Turpentine, 22. 




Prussian blue, 42. 






Purple of Cassius, 48. 




Water, 1, 2. 


Pyroluslte, 43. 




Wood, 22. 

noV>#\n OT 


Quartz. 24. 




White-lead, 31. 


Quill, 16. 




Zinc. 30. 32. 39. 



Rock-crystal, 24. 



- sulphate, 3. 



The End. 
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